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(57) Turbine statorvane segments have radially in- 
ner and outer wails (12, 14) with vanes (10) extending 
therebetween. The inner and outer walls (12, 14) are 
compartmentalized and have impingement plates (36). 
Steam flowing into the outer wall plenum (32) passes 
through the impingement plate (36) for impingement 
cooling of the outer wall upper surface. The spent im- 
pingement steam flows into cavities (42, 44) of the vane 
(10) having inserts (54, 56) for impingement cooling the 
walls of the vane (10). The steam passes into the inner 
wall (12) and through the impingement plate (72) for im- 
pingement cooling of the inner wall surface and for re- 
turn through return cavities (46, 48. 50) having inserts 
(58, 60, 62) for impingement cooling of the vane surfac- 
es. At least one film cooling hole is defined through a 
wall of at least one of the cavities forfiow communication 
between an interior of the cavity and an exterior of the 
vane. The film cooling hole(s) are defined adjacent a po- 
tential low LCF life region, so that cooling medium that 
bleeds out through the film cooling hole(s) reduces a 
thermal gradient in a vicinity thereof, thereby the in- 
crease the LCF life of that region. 
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Description 

[0001] The present invention relates generally to land 
based gas turbines, for example, for electrical power 
generation, and more particularly to cooling the stage 
one nozzles of such turbines. 

[0002] The traditional approach for cooling turbine 
blades and nozzles was to extract high pressure cooling 
air from a source, for example, from the intermediate 
and final stages of the turbine compressor. In such a 
system, a series of internal flow passages are typically 
used to achieve the desired mass flow objectives for 
cooling the turbine blades. In contrast, external piping 
is used to supply air to the nozzles, with air film cooling 
typically being used and the air exiting into the hot gas 
stream of the turbine. In advanced gas turbine designs, 
it has been recognized that the temperature of the hot 
gas flowing past the turbine components could be higher 
than the melting temperature of the metal. It was there- 
fore necessary to establish a cooling scheme to protect 
the hot gas path components during operation. Steam 
has been demonstrated to be a preferred cooling media 
for cooling gas turbine nozzles (stator vanes), particu- 
larly for combined-cycle plants. See, for example, U.S. 
Patent No. 5,253,976, the disclosure of which is incor- 
porated herein by this reference. For a complete de- 
scription of the steam-cooled buckets, reference is 
made to U.S. Patent No. 5,536,143, the disclosure of 
which is incorporated herein by reference. For a com- 
plete description of the steam (or air) cooling circuit for 
supplying cooling medium to the first and second stage 
buckets through the rotor, reference is made to U.S. Pat- 
ent No. 5,593,274, the disclosure of which is incorporat- 
ed herein by reference. 

[0003] Because steam has a higher heat capacity 
than the combustion gas, however, it is considered in- 
efficient to allow the coolant steam to mix with the hot 
gas stream. Consequently, in conventional steam 
cooled buckets it has been considered desirable to 
maintain cooling steam inside the hot gas path compo- 
nents in a closed circuit. Nevertheless, certain areas of 
the components in the hot gas path cannot practically 
be cooled with steam in a closed circuit. For example, 
the relatively thin structure of the trailing edges of the 
nozzle vanes effectively precludes steam cooling of 
those edges. Accordingly, air cooling is used to cool 
those portions of the nozzle vanes. For a complete de- 
scription of the steam cooled nozzles with air cooling 
along the trailing edge, reference is made to U.S. Patent 
No. 5,634,766, the disclosure of which is incorporated 
herein by reference. 

[0004] I n a typical closed loop steam or air cooled noz- 
zle design such as that briefly described above and dis- 
closed in the above-mentioned patents, the steam or air 
is used to cool the nozzle wall via impingement, or con- 
vection in the case of the trailing edge cavity. In some 
cases, with this kind of cooling scheme, the thermal gra- 
dient in the nozzle wall can reach very high levels, which 
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can cause low LCF (Low Cycle Fatigue) life for local re- 
gions of the nozzle wall. Thus the inventors recognized 
that it would be desirable to modify the conventional 
closed loop cooled nozzle design to provide for a cooling 
5 of the exterior surface of the vane to reduce the local 
thermal gradient and in turn increase the local LCF life. 
[0005] / As noted above, since in a typical closed loop 
cooling circuit, the cooling media (steam or air) is at a 
pressure and/or temperature level different from that in 

10 the hot gas path, heretofore, by definition, such closed 
loop cooling circuits have excluded or isolated the 
closed loop cooling medium from the hot gas path. In- 
deed, heretofore it has been considered inefficient and 
undesirable for that cooling media to be introduced into 

is the hot cooling path. The inventors have recognized, 
however, that by providing a small bleed of cooling me- 
dia through suitably disposed openings in the airfoil wall 
of the otherwise closed loop cooling circuit, film cooling 
of the airfoil surface can be achieved to effectively in- 

2Q crease the local LCF life in a manner that outweighs the 
potential efficiency loss. Thus, the invention is embod- 
ied in a vane or airfoil structure wherein a row or array 
of film cooling hofes is defined to extend through the wall 
of the vane to communicate one or more of the interior 

25 nozzle cooling cavities with an exterior of the vane to 
allow a bleed flow of the cooling media through the noz- 
zle airfoil wall to the hot gas path to form a cooling film 
to protect the airfoil. The film cooling holes are defined 
upstream of target low LCF life region(s) and can be dis- 

30 posed along a part or an entire radial length of the re- 
spective cavity, preferably corresponding to the location 
and extent of the local low LCF life region. 
[0006] Thus, the present invention proposes to modify 
the typical closed loop steam or air cooled nozzle design 

35 by introducing cooling media, e.g. steam or air, film cool- 
ing to greatly reduce local thermal gradient, which, in 
turn, will increase the local LCF life. More specifically, 
the invention is embodied in the addition of at least one 
film cooling hole, and more preferably an array of film 

40 cooling holes to a closed loop steam or air cooled nozzle 
for providing a cooling media source for film cooling of 
the airfoil surface in regions where low LCF life would 
otherwise exist due to high thermal gradient. The film 
cooling holes are defined through the wall of one or more 

45 cavities of a closed loop steam or air cooled gas turbine 
nozzle. Cooling media with thus flow out into the hot gas 
path through film holes. 

[0007] Accordingly, in an embodiment of the present 
invention, there is provided a cooling system for cooling 

so the hot gas components of a nozzle stage of a gas tur- 
bine, in which closed circuit steam or air cooling and/or 
open circuit air cooling systems may be employed. In 
the closed circuit system, a plurality of nozzle vane seg- 
ments are provided, each of which comprises one or 

55 more nozzle vanes extending between radially inner 
and outer walls. The vanes have a plurality of cavities 
in communication with compartments in the outer and 
inner walls for flowing cooling media in a closed circuit 
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for cooling the outer and inner walls and the vanes per 
se. This closed circuit cooling system is substantially 
structurally similar to the steam cooling system de- 
scribed and illustrated in the prior referenced U.S. Pat- 
ent No. 5,634,766, with certain exceptions as noted be- 
low. Thus, cooling media may be provided to a plenum 
in the outer wall of the segment for distribution to cham- 
bers therein and passage through impingement open- 
ings in a plate for impingement cooling of the outer wall 
surface of the segment. The spent impingement cooling 
media flows into leading edge and aft cavities extending 
radially through the vane. At least one cooling fluid re- 
turn/intermediate cooling cavity extends radially and lies 
between the leading edge and aft cavities, A separate 
trailing edge cavity may also provided. The flow of cool- 
ing air in a trailing edge cavity perse is the subject of a 
U.S. Patent No. 5,611,662, the disclosure of which is 
incorporated herein by reference. The cooling air from 
that trailing edge cavity flows to the inner wall, for flow 
through a passage for supplying purge air to the wheel 
space, or into the hot gas path. To cool the airfoil surface 
in regions where low LCF life will otherwise exist due to 
high thermal gradient, at least one film cooiing hole is 
defined through the wall of one or more of the aforemen- 
tioned cavities of the closed loop steam or air cooled 
gas turbine nozzle. Cooling media then flows out into 
the hot gas path through film cooling hole(s) defined in 
the airfoil wall, thereby to create a cooling film to cool 
the airfoil surface. 

[0008] More specifically, in a preferred embodiment 
of the present invention, there is provided a closed cir- 
cuit stator vane segment comprising radially inner and 
outer walls spaced from one another, a vane extending 
between the inner and outer walls and having leading 
and trailing edges, the vane including discrete leading 
edge, trailing edge and intermediate cavities between 
the leading and trailing edges and extending radially of 
the vane, said leading edge and intermediate cavities 
together defining a substantially closed cooling circuit 
for flow of cooling media through said vane, an insert in 
the leading edge cavity for receiving cooling media and 
having impingement openings for directing the cooling 
media against interior wall surfaces of the leading edge 
cavity for impingement cooling of the vane about the 
leading edge cavity, an insert in the intermediate cavity 
for receiving cooling media and having impingement 
openings for directing the cooling media against interior 
wall surfaces of the intermediate cavity for impingement 
cooling of the vane about the intermediate cavity, the 
trailing edge cavity lying in communication with a cooling 
air inlet for receiving cooling air therefrom and having 
an outlet one of at a trailing edge thereof and at a radially 
inner end thereof, for directing spent cooling air one of 
into the hot gas path exterior to the vane and into a wheel 
space between adjacent turbine stages, and wherein at 
least one film cooling hole is defined through a wall of 
at least one of the cavities for flow communication be- 
tween an interior of the vane cavity and an exterior of 



the vane, to cool the airfoil surface and thus reduce the 
thermal gradient in that region. 

[0009] The present invention may further be embod- 
ied in a substantially closed circuit cooling system for 
5 cooling the hot gas components of nozzle stages of a 
gas turbine, particularly the first nozzle stage, modified 
to provide for film cooling for certain of those compo- 
nents. More particularly, nozzle vane segments are pro- 
vided having the necessary structural integrity under 
10 high thermal fluxes and pressures affording a capacity 
of being cooled by a cooling medium, preferably steam, 
flowing in a pressurized substantially closed circuit. 
Thus, the present invention provides, in at least the first 
stage of a turbine, a plurality of nozzle vane segments 
15 each of which comprise one or more nozzle vanes ex- 
tending between radially outer and inner walls. The 
vanes have a plurality of cavities in communication with 
compartments in the outer and inner walls for flowing a 
cooling media, preferably steam, in a substantially 
closed-circuit path for cooling the outer and inner walls 
and the vanes, perse. Impingement cooling is provided 
in the leading cavity of the vane, as well as in the inter- 
mediate, return cavity(ies) of the first stage nozzle vane. 
Inserts in the leading and aft cavities comprise sleeves 
that extend through the cavities spaced from the walls 
thereof. The inserts have impingement holes in opposi- 
tion to the walls of the cavity whereby steam flowing into 
the inserts flows outwardly through the impingement 
holes for impingement cooling of the vane walls. Return 
channels are provided along the inserts for channeling 
the spent impingement cooling steam. Similarly, inserts 
in the return, intermediate cavity(ies) have impingement 
openings for flowing impingement cooling medium 
against the side walls of the vane. Those inserts also 
have return cavities for collecting the spent impinge- 
ment cooling steam and transmitting it to the cooling me- 
dium, e.g. steam, outlet. 

[0010] The first stage nozzle segments further pro- 
vide forfilm cooling of the airfoil surface in regions where 
low LCF life will otherwise exist due to high thermal gra- 
dient. More particularly, at least one film cooling hole 
and preferably a plurality of or an array of film cooling 
holes are defined in or along at least a portion of the wall 
of at least one cavity of the segment for bleeding a por- 
tion of the cooling medium from the otherwise closed 
circuit to film cool a 

[0011] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

FIGURE 1 is an schematic cross-sectional view of 
a first stage nozzle vane; 

FIGURE 2 is a perspective view of a typical first 
stage nozzle, showing life limiting regions; 

FIGURE 3 is an elevational view of a vane of the 
type shown in FIGURE 1 having film cooling holes 
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an embodiment of the invention; and 

FIGURE 4 is a schematic cross-sectional view tak- 
en along line 4-4 of FIGURE 3. 

[001 2] As discussed previously, the present invention 
relates in particular to cooling circuits for the first stage 
nozzles of a turbine, reference being made to the pre- 
viously identified patents for disclosures of various other 
aspects of the turbine, its construction and methods of 
operation. Referring now to FIGURE 1, there is sche- 
matically illustrated in cross-section a vane 1 0 compris- 
ing one of the plurality of circumferentially arranged seg- 
ments of the first stage nozzle. It will be appreciated that 
the segments are connected one to the other to form an 
annular array of segments defining the hot gas path 
through the first stage nozzle of the turbine. Each seg- 
ment includes radially spaced outer and inner walls 12 
and 14, respectively, with one or more of the nozzle 
vanes 1 0 extending between the outer and inner walls. 
The segments are supported about the inner shell of the 
turbine (not shown) with adjoining segments being 
sealed one to the other. It will therefore be appreciated 
that the outer and inner walls and the vanes extending 
therebetween are wholly supported by the inner shell of 
the turbine and are removable with the innershell halves 
of the turbine upon removal of the outer shell 1 6 as set 
forth in U.S. Patent No. 5,685,693. For purposes of this 
description, the vane 1 0 will be described as forming the 
sole vane of a segment, the vane having a leading edge 
18 and a trailing edge 20. With the segments fixed to 
the inner shell (not shown), the first and second stage 
nozzles, i.e., the non-rotating components of the first 
and second stages, may be removed from the turbine 
upon removal of the innershell, as setforth in the above- 
identified patent, for repair and maintenance and it will 
also be appreciated that the first and second stage noz- 
zles, having combined closed circuit steam cooling and 
air cooling may serve as replacement nozzle stages for 
wholly air cooled nozzle stages whereby the turbine is 
converted from the solely air cooled turbine to a com- 
bined steam and air cooled turbine. 
[0013] The first stage nozzle vane segment has a 
cooling steam inlet 22 to the outer wall 12. A return 
steam outlet 24 also lies in communication with the noz- 
zle segment. The outer wall 12 includes outer side rail- 
ings 26, a leading railing 28, and a trailing railing 30 de- 
fining a plenum 32 with the upper surface 34 and an im- 
pingement plate 36 disposed in the outer wall 12. (The 
terms outwardly and inwardly or outer and inner refer to 
a generally radial direction). Disposed between the im- 
pingement plate 36 and the inner wall 38 of outer wall 
1 2 are a plurality of structural ribs 40 extending between 
the side walls 26, forward wall 28 and trailing wall 30. 
The impingement plate 36 overlies the ribs 40 through- 
out the full extent of the plenum 32. Consequently, 
steam entering through inlet 22 into plenum 32 passes 
through the openings in the impingement plate 36 for 



impingement cooling of the inner surface 38 of the outer 
wall 12. 

[0014] In this exemplary embodiment, the first stage 
nozzle vane 10 has a plurality of cavities, for example, 
s the leading edge cavity 42, an aft cavity 44, three inter- 
mediate return cavities 46, 48 and 50, and also a trailing 
edge cavity 52. 

[0015] Leading edge cavity 42 and aft cavity 44 each 
have an insert, 54 and 56 respectively, while each of the 

10 intermediate cavities 46, 48 and 50 have similar inserts 
58, 60 and 62, respectively, all such inserts being in the 
general form of hollow, perforated sleeves. The inserts 
may be shaped to correspond to the shape of the par- 
ticular cavity in which the insert is to be provided. The 

15 side walls of the sleeves are provided with a plurality of 
impingement cooling openings, along portions of the in- 
sert which lie in opposition to the walls of the cavity to 
be impingement cooled. For example, in the leading 
edge cavity 42, the forward edge of the insert 54 would 

20 be arcuate and the side walls would generally corre- 
spond in shape to the side walls of the cavity 42, all such 
walls of the insert having impingement openings. The 
back side of the sleeve or insert 54 in opposition to the 
rib 64 separating cavity 42 from cavity 46, however, 

25 would not have impingement openings. In the aft cavity 
44, on the other hand, the side walls, only, of the insert 
sleeve 56 would have impingement openings; the for- 
ward and aft walls of insert sleeve 56 being of a solid 
non-perforated material. 

30 [0016] It will be appreciated that the inserts received 
in cavities 42, 44, 46, 48, and 50 are spaced from the 
walls of the cavities to enable cooling media, e.g., 
steam, to flow through the impingement openings to im- 
pact against the interior wall surfaces of the cavities, 

35 thus cooling the wall surfaces. 

[0017] As illustrated in FIGURE 1 , the post-impinge- 
ment cooling steam flows into a plenum 66 defined by 
the inner wall 14 and a lower cover plate 68. Structural 
strengthening ribs 70 are integrally cast with the inner 

40 wall 14. Radially inwardly of the ribs 70 is an impinge- 
ment plate 72. As a consequence, it will be appreciated 
that the spent impingement cooling steam flowing from 
cavities 42 and 44 flows into the plenum 66 for flow 
through the impingement openings of impingement 

45 plate 72 for impingement cooling of the inner wall 14. 
The spent cooling steam flows by direction of the ribs 
70 towards the openings (not shown in detail) for return 
flow through the cavities 46, 48, and 50 to the steam 
outlet 24. Inserts 58, 60 and 62 are disposed in the cav- 

50 ities 46, 48, and 50 in spaced relation from the side walls 
and ribs defining the respective cavities. The impinge- 
ment openings lie on opposite sides of the sleeves for 
flowing the cooling media, e.g., steam, from within the 
inserts through the impingement openings for impinge- 

55 ment cooling of the side walls of the vane. The spent 
cooling steam then flows out through outlet 24 for return 
to, e.g., the steam supply. 

[0018] The air cooling circuit of the trailing edge cavity 
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of the combined steam and air cooling circuits of the 
vane illustrated in FIGURE 1 generally corresponds to 
that of the '766 patent and, therefore, a detailed discus- 
sion herein is omitted. 

[001 9] As noted above, in a typical closed loop steam s 
or air cooled nozzle design, the steam or air is used to 
cool the nozzle wall via impingement, or convection in 
the case of the trailing edge cavity. However, with this 
kind of cooling scheme, the thermal gradient in the noz- 
zle wall can reach very high levels, wh ich can cause low 
LCF (Low Cycle Fatigue) life for local regions of the noz- 
zle wall. FIGURE 2 schematically illustrates exemplary 
such low LCF regions of the nozzle wall. FIGURE 2 
schematically illustrates, generally at 73, an exemplary 
such low LCF region of the nozzle wall. One portion of 
the low LCF region, identified as 75, is of particular in- 
terest as this portion of the vane can exhibit a particu larly 
low LCF life. Region 75 would be a particularly desirable 
area in which to reduce the thermal gradient to improve 
LCF life. However, in some applications it may be desir- 
able to reduce the temperature gradient along a greater 
part or the entire length of the identified life limiting re- 
gion 73, or other areas of the nozzle that are generally 
the same configuration. 

[0020] To increase the local LCF life, the present in- 
vention proposes to modify the typical closed loop 
steam or air cooled nozzle design by providing for film 
cooling to greatly reduce local thermal gradient. This in 
turn increases the local LCF life. More specifically, the 
invention is embodied in the addition of at least one and 
preferably a plurality of cooling media, e.g. , steam or air, 
film cooling holes 1 78 to an otherwise closed loop steam 
or air cooled nozzle for providing a cooling source for 
film cooling of the airfoil surface in regions where low 
LCF life will otherwise exist due to high thermal gradient. 
Cooling media thus flows out into the hot gas path 1 76 
through film holes 178 defined in the airfoil wall 180 to 
form a cooing film for cooling the vane exterior. 
[0021] Referring to FIGURE 3, the disposition of an 
film cooling holes 1 78 embodying the invention is sche- 
matically shown. In the illustrated embodiment, the film 
cooling holes are defined in a substantially linear array 
extending radially along approximately one half the ra- 
dial length of the airfoil 10, from the radially outer wall 
12. Although the illustrated film cooling holes are de- 
fined along only a part of the radial length of the airfoil 
10, it is to be understood that such a film cooling hole 
array may extend along a part of the length or along the 
entire length of its respective vane cavity, as deemed 
necessary or desirable to effect the cooling to improve 
LCF life. Moreover, while the film cooling hole array is 
defined in the illustrated embodiment to extend from ad- 
jacent the outer wall 1 2, the film cooling hole array may 
be defined to extend from the radially inner end of the 
vane. 

[0022] The array of film cooling holes communicating 
therewith is disposed upstream of the local low LCF re- 
gion. Thus, with reference to FIGURES 2 and 3, in the 



presently preferred, illustrated embodiment, the film 
cooling holes communicate the leading edge cavity of 
the airfoil to the exterior. If deemed necessary or desir- 
able, an additional array or arrays of film cooling holes 
may be defined to extend along the leading edge cavity 
and/or, in addition or in the alternative, one or more such 
arrays of film cooling holes may be defined in other(s) 
of the cavities of the airfoil , depending upon the potential 
low LCF regions and the inevitable cost benefit analysis 
of the manufacturing complexity and efficiency consid- 
erations balanced with the resultant increase in LCF life. 
[0023] As shown in FIGU RE 4, the film holes 1 78 are 
preferably directed rearwardly, i.e. inclined to the plane 
of the wall 180 of the airfoil 10 so as produce a flow on 
or along that side wall as a cooling film, so as to cool 
the local low LCF region disposed in the vicinity and 
downstream thereof, to reduce the thermal gradient in 
that region. 

[0024] For the sake of good order, various aspects of 
the invention are set out in the following clauses:- 

1 . A stator vane segment for forming part of a stage 
of a turbine, comprising: 

inner and outer walls spaced from one another; 
a stator vane extending between said inner and 
outer walls and having leading and trailing edg- 
es, said vane including a plurality of discrete 
cavities between the leading and trailing edges 
and extending lengthwise of said vane for flow- 
ing a cooling medium in a substantially closed 
circuit through said vane; and 
at least one film cooling hole defined through a 
wall of at least one said cavity for flow commu- 
nication between an interior of said cavity and 
an exterior of the vane, said at least one film 
cooling hole being defined adjacent a predeter- 
mined potential low LCF life region, whereby a 
portion of the cooling medium flowing through 
said vane bleeds out through said at least one 
film cooling hole to reduce a thermal gradient 
in a vicinity thereof, thereby the increase the 
LCF life of said region. 

2. A stator vane segment according to Clause 1 
wherein an insert sleeve is disposed within said at 
least one cavity and spaced from the inner wall of 
said vane to define a gap therebetween, said insert 
having an inlet for flowing the cooling medium into 
said insert sleeve, said insert sleeve having a plu- 
rality of openings therethrough for flowing the cool- 
ing medium through said sleeve into said gap for 
impingement against an inner wall surface of said 
vane. 

3. A vane segment as in Clause 1 , wherein said at 
least one film cooling hole is defined at an angle to 
the wall of the vane so that cooling media flowing 
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therethrough is directed to the exterior of the vane 
in a downstream direction. 

4. A vane segment as in Clause 1, wherein there 
are a plurality of film cooling holes defined through 5 
said wall. 

5. A vane segment as in Clause 4, wherein said plu- 
rality of film cooling holes are defined in a substan- 
tially linear array that extends along at least a part 10 
of the length of the vane. 

6. A vane segment as in Clause 5, wherein said lin- 
ear array extends from adjacent said outer wail of 
said vane. 15 

7. A turbine vane segment, comprising: 

inner and outer walls spaced from one another; 
a vane extending between said inner and outer so 
walls and having leading and trailing edges, 
said vane including a plurality of discrete cavi- 
ties between the leading and trailing edges and 
extending lengthwise of said vane for flowing a 
cooling medium therethrough; 25 
said outer wall defining at least one cooling me- 
dia plenum; 

said inner wall defining at least one cooling me- 
dia plenum; 

a cooling medium inlet enabling passage of the 30 
cooling medium into said plenum of said outer 
wall; 

said vane having afirst opening communicating 
said plenum of said outer wall with at least one 
of said cavities to enable passage of the cooling 35 
medium between said one plenum and said 
one cavity, said vane having a second opening 
communicating said one cavity with said cool- 
ing media plenum of said inner wall, and said 
vane having a third opening communicating *o 
said cooling media plenum of said inner wall 
with at least another of said cavities to enable 
passage of the cooling medium in a substan- 
tially closed circuit between said cooling media 
plenum of said outer wall, said one cavity, said 45 
cooling media plenum of said Inner wall, and 
said another cavity; 

an insert sleeve within each of said one cavity 
and said another cavity and spaced from inte- 
rior wall surfaces thereof, each said insert so 
sleeve having an inlet for flowing the cooling 
medium into said insert sleeve, each said insert 
sleeve having a plurality of openings there- 
through for flowing the cooling medium through 
said sleeve openings into said space between ss 
said sleeve and said interior wall surfaces for 
impingement against said interior wall surface 
of said vane; and 



at least one film cooling hole defined through a 
wall of at least one of said one and another cav- 
ities forflow communication between an interior 
of said cavity and an exterior surface of the 
vane, said at least one film cooling hole being 
defined adjacent a predetermined potential tow 
LCF life region, whereby a portion of the cooling 
medium flowing through said vane bleeds out 
through said at least one film cooling hole to 
reduce a thermal gradient in a vicinity thereof, 
thereby to increase the LCF life of said region. 

8. A turbine vane segment according to Clause 7, 
wherein said inner wall has at least one rib along an 
inner surface thereof defining inner compartments 
inwardly of said inner surface; and further compris- 
ing: 

a cover for said inner compartments spaced 
from said inner surface, an impingement plate be- 
tween said cover and said inner surface, said sec- 
ond opening of said vane being in communication 
with said plenum of said inner wall to enable pas- 
sage of the cooling medium, said impingement 
plate having openings enabling passage of the 
cooling medium for impingement cooling of said in- 
ner wall. 

9. A turbine vane segment according to Clause 7, 
wherein one of said plurality of discrete cavities 
comprises a trailing edge cavity having a plurality 
of openings through the trailing edge of said vane 
for flowing a cooling medium from said trailing edge 
cavity through said openings to an exterior of said 
vane. x 

1 0. A turbine vane segment as in Clause 7, wherein 
said at least one film cooling hole is defined at an 
angle to the wall of the vane so that cooling media 
flowing therethrough is directed to the exterior of the 
vane in a downstream direction. 

1 1 . A turbine vane segment as in Clause 7, wherein 
there are a plurality of film cooling holes defined 
through said wall. 

1 2. A turbine vane segment as in Clause 1 1 , where- 
in said plurality of film cooling holes are defined in 
a substantially linear array that extends along at 
least a part of a length of the vane. 

13. A turbine vane segment as in Clause 1 2 : where- 
in said linear array extends from adjacent said outer 
wail of said vane. 

1 4. A stator vane segment, comprising: 

inner and outer walls spaced from one another; 
a vane extending between said inner and outer 
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walls and having leading and trailing edges, 
said vane including a plurality of discrete cavi- 
ties between the leading and trailing edges and 
extending lengthwise of said vane; 
said inner and outer walls defining respective 5 
plenums and an impingement plate in each said 
plenum, an inlet into said outer wall for flowing 
steam into the outer wall plenum and through 
the impingement plate in said outer wall plenum 
for impingement steam cooling an upper sur- 10 
face of said outer wall; 

an insert in one of said cavities for receiving 
spent impingement steam from said outer wall 
and having impingement openings for directing 
the steam received from said outer wall against is 
interior wall surfaces of said one cavity for im- 
pingement cooling of the vane about said one 
cavity: 

said inner wall having an opening for receiving 
the spent impingement steam from said one 20 
cavity into the inner wall plenum for flow 
through the impingement ptate therein and im- 
pingement cooling of the inner wall; 
an insert in another of said cavities for receiving 
spent impingement steam from said inner wall 25 
and having impingement openings for directing 
the steam received from said inner wall against 
interior wall surf aces, of said another cavity for 
impingement cooling of the vane about said an- 
other cavity; 30 
an outlet for receiving the spent impingement 
steam from said another cavity, whereby the 
steam flow through said inner and outer walls, 
said one cavity and said another cavity consti- 
tutes a closed flow circuit through said vane; 35 
and 

at least one film cooling hole defined through a 
wall of at least one of said one cavity and said 
another cavity for flow communication between 
an interior of said at least one cavity and an ex- 40 
terior of the vane. 

1 5. A turbine vane segment according to Clause 1 4, 
further comprising a trailing edge cavity through 
said vane for receiving air from an air inlet and pass- *s 
ing the air through openings in the trailing edge for 
cooling the trailing edge. 

1 6. A vane segment as in Clause 1 4, wherein a por- 
tion of the cooling steam flowing into said at least so 
one cavity bleeds out of said cavity through said at 
least one film cooling hole to an exterior of said vane 

for flowing along at least a portion of an exterior sur- 
face of said vane downstream from said film cooling 
hole to define a cooling film for cooling an exterior 55 
surface of said vane downstream thereof, thereby 
to increase an LCF life thereof. 



17. A vane segment as in Clause 16, wherein said 
at least one film cooling hole is defined at an angle 
to the wall of the vane so that cooling media flowing 
therethrough is directed to the exterior of the vane 
in a downstream direction. 

1 8. A vane segment as in Clause 1 7, wherein there 
are a plurality of film cooling holes defined through 
said wall. 

19. A vane segment as in Clause 18, wherein said 
plurality of film cooling holes are defined in a sub- 
stantially linear array that extends along at least a 
part of a length of the vane. 

20. A vane segment as in Clause 19, wherein said 
linear array extends from adjacent said outer wall 
of said vane. 



Claims 

1. A stator vane segment for forming part of a stage 
of a turbine, comprising: 

inner and outer walls spaced from one another; 
a stator vane extending between said inner and 
outer walls and having leading and trailing edg- 
es, said vane including a plurality of discrete 
cavities between the leading and trailing edges 
and extending lengthwise of said vane for flow- 
ing a cooling medium in a substantially closed 
circuit through said vane; and 
at least one film cooling hole defined through a 
wall of at least one said cavity for flow commu- 
nication between an interior of said cavity and 
an exterior of the vane, said at least one film 
cooling hole being defined adjacent a predeter- 
mined potential low LCF iife region, whereby a 
portion of the cooling medium flowing through 
said vane bleeds out through said at least one 
film cooling hole to reduce a thermal gradient 
in a vicinity thereof, thereby the increase the 
LCF life of said region. 

2. A stator vane segment according to Claim 1 where- 
in an insert sleeve is disposed within said at least 
one cavity and spaced from the inner wall of said 
vane to define a gap therebetween, said insert hav- 
ing an inlet for flowing the cooling medium into said 
insert sleeve, said insert sleeve having a plurality of 
openings therethrough for flowing the cooling me- 
dium through said sleeve into said gap for impinge- 
ment against an inner wall surface of said vane. 

3. A vane segment as in Claim 1 or 2, wherein said at 
least one film cooling hole is defined at an angle to 
the wall of the vane so that cooling media flowing 
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therethrough is directed to the exterior of the vane 
in a downstream direction. 

4. A vane segment as in Claim 1 or 2, wherein there 
are a plurality of film cooling holes defined through s 
said wall. 

5. A turbine vane segment, comprising: 

inner and outer walls spaced from one another; 10 
a vane extending between said inner and outer 
walls and having leading and trailing edges, 
said vane including a plurality of discrete cavi- 
ties between the leading and trailing edges and 
extending lengthwise of said vane for flowing a is 
cooling medium therethrough; 
said outer wall defining at least one cooling me- 
dia plenum; 

said inner wail defining at least one cooling me- 
dia plenum; 20 
a cooling medium inlet enabling passage of the 
cooling medium into said plenum of said outer 
wall; 

said vane having af irst opening communicating 
said plenum of said outer wall with at least one 25 
of said cavities to enable passage of the cooling 
medium between said one plenum and said 
one cavity, said vane having a second opening 
communicating said one cavity with said cool- 
ing media plenum of said inner wall, and said 30 
vane having a third opening communicating 
said cooling media plenum of said inner wall 
with at least another of said cavities to enable 
passage of the cooling medium in a substan- 
tially closed circuit between said cooling media 35 
plenum of said outer wail, said one cavity, said 
cooling media plenum of said inner wall, and 
said another cavity; 

an insert sleeve within each of said one cavity 
and said another cavity and spaced from inte- 40 
rior wall surfaces thereof, each said insert 
sleeve having an inlet for flowing the cooling 
medium into said insert sleeve, each said insert 
sleeve having a plurality of openings there- 
through for flowing the cooling medium through 45 
said sleeve openings into said space between 
said sleeve and said interior wall surfaces for 
impingement against said interior wall surface 
of said vane; and 

at least one film cooling hole defined through a so 
wall of at least one of said one and another cav- 
ities forflow communication between an interior 
of said cavity and an exterior surface of the 
vane, said at least one film cooling hole being 
defined adjacent a predetermined potential low 55 
LCF life region, whereby a portion of the cooling 
medium flowing through said vane bleeds out 
through said at least one film cooling hole to 



reduce a thermal gradient in a vicinity thereof, 
thereby to increase the LCF life of said region. 

6. A turbine vane segment according to Claim 5, 
wherein said inner wall has at least one rib along an 
inner surface thereof defining inner compartments 
inwardly of said inner surface; and further compris- 
ing: 

a cover for said inner compartments spaced 
from said inner surface, an impingement plate be- 
tween said cover and said inner surface, said sec- 
ond opening of said vane being in communication 
with said plenum of said inner wall to enable pas- 
sage of the cooling medium, said impingement 
plate having openings enabling passage of the 
cooling medium for impingement cooling of said in- 
ner wall. 

7. A turbine vane segment according to Claim 5 or 6, 
wherein one of said plurality of discrete cavities 
comprises a trailing edge cavity having a plurality 
of openings through the trailing edge of said vane 
for flowing a cooling medium from said trailing edge 
cavity through said openings to an exterior of said 
vane. 

8. A stator vane segment, comprising: 

inner and outer walls spaced from one another; 
a vane extending between said inner and outer 
walls and having leading and trailing edges, 
said vane including a plurality of discrete cavi- 
ties between the leading and trailing edges and 
extending lengthwise of said vane; 
said inner and outer walls defining respective 
plenums and an impingement plate in each said 
plenum, an inlet into said outer wall for flowing 
steam into the outer wall plenum and through 
the impingement plate in said outer wall plenum 
for impingement steam cooling an upper sur- 
face of said outer wall; 

an insert in one of said cavities for receiving 
spent impingement steam from said outer wall 
and having impingement openings for directing 
the steam received from said outer wall against 
interior wall surfaces of said one cavity for im- 
pingement cooling of the vane about said one 
cavity; 

said inner wall having an opening for receiving 
the spent impingement steam from said one 
cavity into the inner wall plenum for flow 
through the impingement plate therein and im- 
pingement cooling of the inner wall; 
an insert in another of said cavities for receiving 
spent impingement steam from said inner wall 
and having impingement openings for directing 
the steam received from said inner wall against 
interior wall surfaces of said another cavity for 
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impingement cooling of the vane about said an- 
other cavity; 

an outlet for receiving the spent impingement 
steam from said another cavity, whereby the 
steam flow through said inner and outer walls, s 
said one cavity and said another cavity consti- 
tutes a closed flow circuit through said vane; 
and 

at least one film cooling hole defined through a 
wall of at least one of said one cavity and said io 
another cavity for flow communication between 
an interior of said at least one cavity and an ex- 
terior of the vane. 

9. A turbine vane segment according to Claim 8, fur- *5 
ther comprising a trailing edge cavity through said 
vane for receiving air from an air inlet and passing 

the air through openings in the trailing edge for cool- 
ing the trailing edge. 

20 

10. A vane segment as in Claim 8 or 9, wherein a por- 
tion of the cooling steam flowing into said at least 
one cavity bleeds out of said cavity through said at 
least one film cooling hole to an exterior of said vane 

for flowing along at least a portion of an exterior sur- 25 
face of said vane downstream from said film cooling 
hole to define a cooling film for cooling an exterior 
surface of said vane downstream thereof, thereby 
to increase an LCF life thereof. 

30 



35 



40 



45 



so 



55 



9 

BNSDOCID: <EP 1 149983A2_I_> 



EP1 149 983 A2 




1 1 49983A2_l_> 



10 



EP 1 1 49 983 A2 




EP 1 149 983 A2 




EP 1 149 983 A2 



46 



42. 



64 



10 



178 



180 



Fig.4 



13 



THIS PAGE BLANK (uspto) 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



EP 1 149 983 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(oo) Date of publication A3: 


(51) intci. 7 : F01D5/18, F01D25/12 


05.03.2003 Bulletin 2003/10 


(4o; uate or publication A2, 




31.10.2001 Bulletin 2001/44 




(^1) Application number: 00311620.9 




(22) Date of filing: 22.12.2000 




(84) Designated Contracting States: 


• Yu, Yufeng Philip 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Greenville, South Carolina 29615 (US) 


MC NL PT SE TR 


• Itzel, Gary Michael 


Designated Extension States: 


Greenville, South Carolina 29680 (US) 


AL LT LV MK RO SI 






(74) Representative: Redder, James Cuthbert et al 


(30) Priority: 28.04.2000 US 561865 


GE London Patent Operation, 




Essex House, 


(71) Applicant: GENERAL ELECTRIC COMPANY 


12/13 Essex Street 


Schenectady, NY 12345 (US) 


London WC2R 3AA (GB) 


(72) Inventors: 




• Burdgick, Steven Sebastian 




Schenectady, New York 12303 (US) 





(54) Film cooling for a closed loop cooled airfoil 



CO 

< 

CO 
00 
O) 

a> 



o. 

LU 



(57) Turbine stator vane segments have radially in- 
ner and outer wails (12, 14) with vanes (10) extending 
therebetween. The inner and outer walls (12, 14) are 
compartmentalized and have impingement plates (36). 
Steam flowing into the outer wall plenum (32) passes 
through the impingement plate (36) for impingement 
cooling of the outer wall upper surface. The spent im- 
pingement steam flows into cavities (42, 44) of the vane 
(1 0) having inserts (54, 56) for impingement cooling the 
walls of the vane (10). The steam passes into the inner 
wall (12) and through the impingement plate (72) for im- 
pingement cooling of the inner wall surface and for re- 
turn through return cavities (46, 48. 50) having inserts 
(58, 60, 62) for impingement cooling of the vane surfac- 
es. At least one film cooling hole is defined through a 
wall of at least one of the cavities for flow communication 
between an interior of the cavity and an exterior of the 
vane. The film cooling hole(s) are defined adjacent a po- 
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thermal gradient in a vicinity thereof, thereby the in- 
crease the LCF life of that region. 
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